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Fair game 


Low Level returns this month. Mike Liardet gives the 
game away on the mini-max method, which lets you plan 
your next move by anticipating those of your opponent. 


L games like chess or draughts, strong 
players perform an extensive analysis 
before making a move. If they were to 
think out loud they would be heard 
saying things like: ‘If 1 move that piece 
to A, he’ll move his piece to B, but then 
I'll capture it with that other piece at C.’ 
Although they may not realise it, they 
are using the mini-max method to de- 
cide on the best move. 

The mini-max method is widely 
applicable to games, puzzles and prob- 
lem-solving situations, and many of 
the best cognitive games programs have 
a mini-max algorithm lurking some- 
where or other in their innards. It is not 
too difficult to implement the method 
in software and it can produce some 
strong play, so it is an excellent tech- 
nique to master for anyone interested 
in developing games-playing or prob- 
lem-solving programs. 
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Mini-max works best with perfect 
information problems: that is, when 
there is no hidden information or ele- 
ment of chance to confuse things. Most 
traditional board games, and other 
amusements like noughts and crosses, 
are perfect information games. Both 
players can see the entire board posi- 
tion at any given time and there are no 
dice to introduce any uncertainties. On 
the other hand, most card games or 
family games like Monopoly have a 
measure of uncertainty either because 
of the dice or because some elements of 
the game are hidden from each player. 
Itis possible to apply mini-max to some 
of these games but the technique is 
complicated by the uncertainties 

The basic idea behind mini-max is 
quite simple. To find the best move in 
a given situation you consider all the 
possible moves you can make, then all 
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Fig 1: Tree diagram with mini-max analysis, used to determine the best move for a 


simple noughts and crosses problem 
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the possible replies your opponent 
might make to each one. For each of 
your opponent’s replies, consider all 
the ones you can make in return and so 
on. This process doesn’t go on for ever: 
ultimately, after enough moves by each 
side, you get to board positions which 
are Clearly won, lost or drawn — the 
end positions. By assigning win/draw/ 
loss values to the end positions you can 
work your way back to the opening one, 
eventually identifying the move that 
will guarantee the best possible result 
no matter what moves are made by 
your opponent. 

If you had enough time and a big 
enough piece of paper, you could draw 
up the whole analysis for a game as a 
tree diagram and apply the mini-max 
method by hand. For any interesting 
game there are far too many possibili- 
ties for this to be practicable, but in Fig 
1 we have atree diagram fora (carefully 
contrived) noughts and crosses posi- 
tion. At the top is the initial position (A) 
and itis X to move. X has three possible 
moves represented by the three 
branches immediately below position 
A, and the three positions B, C and D 
show the situation created by each of 
these moves. For each of these new 
positions it is O to move, and in every 
case there are two possibilities repre- 
sented by two branches each from posi- 
tions B, Cand D. This produces the six 
positions E-J. For each of these posi- 
tions X has only one move, so there is 
just one branch from each position lead- 


O). Now we apply the mini-max princi- 
ple, which is shown in Fig 2. 

The mini-max principle says that if 
all the outcomes from a given position 
in a tree are known, the outcome of the 
position itself can be determined: it is 
equal to the highest value position im- 
mediately below if it is X’s move or the 
lowest value position if it is O’s move. 
In other words, we give the position the 
minimum or maximum value from be- 
low depending on who has the move, 
hence the name of the method. 

The mini-max principle reflects the 
fact that for optimum play, a player will 
always choose the best option avail- 
able. The left of Fig 2 shows a situation 
where it is X’s move and the four pos- 
sible moves can result in positions with 
values +1, 0,-1 and -1. X can choose the 
best option, which is the move to the 
highest value position: +1 in this case 
and a forced win for X. This makes X’s 
position as good asa win for X, whocan 
always choose the winning move from 
this position. It can thus be marked as 
a won position with a +1. 

The right of Fig 2 shows a situation 
where it is O’s move. O will choose the 
lowest value position possible. In this 
case, even though three of the four 
possible moves open to O are wins for 
X, the position is still identified as a 
win for O (score -1), who has the choice 
at this point, and we can assume O will 
choose the one winning move. 

Applying mini-max to our particu- 
lar noughts and crossses analysis, for 


+1 +21 +1 


Fig 2: The mini-max principle, used to derive the value of a board position when the 
values of lower level board positions are known 


ing to the end positions K-P. 

The tree represents every possible 
game that can be played from position 
A with each variation shown by a dif- 
ferent path through the branches from 
A down tothe end positions, but at this 
stage we still haven’t determined the 
best move for X in position A. To do this 
we look at the end positions K-P and 
mark them with a score of +1 if they 
represent a win for X, 0 if the position 
is drawn and -1 if there is a win for O 
(although in this case there is no win for 
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positions E-J the outcomes are all known 
(because their outcomes are all end 
positions which we have already evalu- 
ated). Itis X to move in positions E-J, so 
we can determine the values of E-J by 
choosing the highest possible outcome 
from each of these positions. As it hap- 
pens there is only one possibility from 
each of E-J here, so the highest possible 
outcome in each case is the only out- 
come and we can score E-J with the 
values of the end positions immedi- 
ately below. 
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Fig 3: An illustration of Z 
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Having determined values for posi- is not the case. The method assumes 
tionsE-J,the positionsB,CandDcanbe _ that the opponent will always make the 
evaluated. The analysis here is more strongest response, but if he makes a 
interesting. It is O’s move, so in each weaker move, further mini-max analy- 
case we will look for the move withthe _ sis from the weaker position may end 
lowest value outcome. Thus, in posi- up getting an even better result; it cer- 
tion B,O can either move in the centre _ tainly won’t be any worse. 
square which results in a position with There is an important practical con- 
avalue of +1 (a win for X),orthecorner sideration when computerising the Th A 
square which has a value of 0(adraw). mini-max method. It is not unusual for e ultimate Copy Protection System 
The draw is the better option with the a game tree to contain hundreds of © User friendly & secure 
lower score, so we willassumethatthis thousands of board positions which © Beats all bit copiers & disassemblers 
is what O will choose and position B__ can easily exceed the computer’s stor- Supports. cetwarhs, Dapkus, ask. caches, windows et. 
can be scored with a value of 0. Like- age capacity. (The complete game tree sale pou of pied ict 
wise there is a draw option forO from fornoughts and crosses has over a third pater Hh eg i tt ane 
position C, but it is a certain loss what- ofamillion positions.) Fortunately it is © Compatible with all IBM MSDOS perk computers 
ever O does in position D. Unfortu- not necessary to generate the entire F inf ; 
nately for O, the minimum value ofthe game tree and then analyse it: with Bi roves ROMRNON Beac! 
two +1 scores (in positionsIandJ)is+1 some careful book-keeping the analy- MICROCOSM LIMITED 
— always a win for X. Once the scores sis and tree generation can proceed 17 Cranbrook Road, Bristol BS6 7BL, UK 
for B, C and D are known, the score for hand in hand, so that at any given time Tel: (0272) 441230 Fax: (0272) 427295 
A can be worked out. Itis X’s move so only a few game positions need be held 
we pick the highest score from B,C and inmemory. The technique is known as 
D: in this case D’s value of +1. ‘depth first search with backtracking’ 

As a result of this analysis we have and requires only a small storage stack 
determined that the value of position A to keep tabs on just a few positions. 
is +1, a guaranteed win for X. Moreo- To see how depth first search works 
ver, we know which move to make in __ in practice, refer to Fig 3. This shows 
order to force the win: we can choose how the game tree for the noughts and 
any move that results in a board posi- crosses position would be analysed, 
tion scored as +1. In this case there is using a small stack. The stack only 
only one such board position (D),sothe requires four locations in this case, as 
winning move is to place an X in the no more than four positions are ever 
corner square leaving O faced with held in memory at any one time. Each 
position D. As we have seen, this is the 
move that leaves O with only losing 
options. In other words, X can force a 
win from position A even against opti- 
mum play from O, as long as he makes 
the corner move which then confronts 
O with position D. 

It might be thought that non-opti- 
mum play by an opponent could in- 
validate the mini-max method, but this 
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Fig 4: The game of 
Kalah. This is an 
ancient game with 
many different 
names which is 
widely played in 
Africa. Each player 
has six pits in front of 
him, with a larger 
kalah pit to his right. 
At the start of the 
game the non-kalah 
pits are filled with an 
equal number of 
pebbles, typically 
three for novices or 
six for experts. Play proceeds in turns. To make a move a player selects one of the six pits in front 
of him, removes all its pebbles and redistributes them one at a time to the pits alongside in an 
anti-clockwise direction. A pebble can be placed in his own kalah or in his opponent's pits, but his 
opponent's kalah must be skipped. 

If a player's last pebble lands in an empty pit on his side, this one and all the pebbles in the 
opponent's pit opposite are scooped up and placed in the player's own kalah. If a player's last 
pebble lands in his own kalah he has another turn. The game is over when one player is to move 
but has no pebbles left on his opponent's kalah, and the winner is the one with the most pebbles. 
A simple scoring system can be used to play a series of games. 


PLAYER 1 


PLAYER 2's 


KALAH 


PLAYER 2 


stack element must hold not only the 
board position being analysed, as we 
have illustrated in Fig 3, but 
some book-keeping informa- 


to be developed quite quickly. The vital 
routines, written in QBasic, are shown 


in Figs 5 and 6. This is not 
a complete program list- 
ing and just concentrates 
ontheimportant elements. 
Anyone interested in ex- 
perimenting with mini- 
max should have no 
difficulty filling in the 
other routines. 

The mini-max code in 
Fig 5 contains one impor- 
tant modification to the 
method. It does not explore 
the entire game tree 
exhauastively before it 
makesamoveasthis would 
take too long even at com- 
puter speed. The method 
here only analyses down 
to a certain depth (deter- 
mined by the value of the 
variable MAXPLY) and 
performs a ‘static evalua- 
tion’ of the resulting posi- 
tion rather than the end 
position evaluation that 
would apply if the game 


were over at that point. The MAXPLY 
value of 7 produces satisfactory re- 


tion to indicate which moves 
from that position have been 
evaluated, which haven’t, 
and what the values of the 
moves are at each point. 

Even with the extra infor- 
mation the storage require- 
mentsare light. Although the 
storage savings in this exam- 
ple do not seem to be that 
great, for more realistic situ- 
ations they can be quite dra- 
matic. The full analysis of 
noughts and crosses would 
require a storage stack with 
only ten elements but this is 
enough for the program to 
wade its way exhaustively 
through every one of the sev- 
eral hundred thousand dif- 
ferent positions that need to 
be analysed from the blank 
initial position. 

Although we have shown 
how mini-max can workwith 
noughts and crosses, it can 
be applied to more compli- 
cated games and we have 
selected the game of Kalah 
(Fig 4) to show how it can be 
used in practice. This is a 
more interesting game than 
noughts and crosses although 
in contrast to chess and the 
like, the game mechanics are 
simple enough for a com- 
plete game-playing program 


Fig 5: Programming the mini-max method for kalah in QBasic. 


DEFINT A-Z ‘All variables are integers 

DIM a(2, 7) ‘holds board position: 6 pits + 1 kalah per 
player 

DIM whosemove ‘indicates whose move: 1 (computer) or 2 (hu- 
man) 


DIM scoretab(6,100) ‘used by staticeval function 
‘****Stack used by minimax method 
DIM NNODES, MAXPLY 
NNODES = 7: MAXPLY = 7 
DIM board(NNODES, 2, 7) 
backtracking 
DIM tomove(NNODES) 
DIM nmoves (NNODES) 
DIM trying (NNODES) 
at 
DIM move(NNODES, 6) 
DIM valu(NNODES, 6) 
each move 
IkEKK 
start: 
‘ttlInsert code to initialize a() whosemove and scoretab() here 


‘Preset MAXPLY to 2 to 7 
‘holds a() so it can be recovered for 


‘holds whosemove so ditto 
‘holds number of moves from this posn 
‘identifies which move is being looked 


‘lists all the moves 
‘holds values for posn resulting from 


mainloop: 
‘!ttlInsert code to print a() and whosemove here so user can see 
board posn 


IF movecount(whosemove) = 0 THEN ‘No moves available, so game 
over 


oat 


‘ti! Insert code that accesses a() to calc score and print 
GOTO start 
END IF 


IF whosemove = 2 THEN ‘Human’s move, so get him to make it 
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> CALL makemove(gethismove) 
GOTO mainloop 
END IF 


‘Computer’s move... 

top = 0 

push: ‘Push a newly generated board position on the stack 
top = top + 1 

CALL saveboard(top) ‘Save board position in position top 
CALL genmoves(top) ‘Generate all the moves for the position 


‘If no moves found then its an end position, so score it and as- 


sign score... 

IF nmoves(top) = O THEN valu(top - 1, trying(top - 1)) = 
endeval(top): GOTO pop 

‘If we have exceeded stack limit then do a static eval.... 

IF top >= MAXPLY THEN valu(top - 1, trying(top - 1)) = 
staticeval(top): GOTO pop 


trymove: ‘Try the next move for the position on the top of the 
stack 

trying(top) = trying(top) + 1 

CALL makemove(move(top, trying(top) ) ) 

GOTO push 


pop: ‘Exhausted all the possibilities for the top position so pop 


it ons 
top = top - l 
CALL restoreboard(top) ‘Get the old board position back in a() 
‘If there are any more positions to try then go and try one 
IF trying(top) < nmoves(top) THEN GOTO trymove 
‘If top=1 (and all moves tried) then we are done, so pick best 
move and do it 
IF top = 1 THEN 
x = getmaxmove (top) 
PRINT “Computer’s move: “; x 
CALL makemove (x) 
GOTO mainloop 
END IF 
‘Eval’d all the moves at this point, so do mini-max and assign 
result 
IF tomove(top) = 1 THEN 


valu(top - 1, trying(top - 1)) = getmax(top) 
ELSE 

valu(top - 1, trying(top - 1)) = getmin(top) 
END IF 
GOTO pop 


FUNCTION gethismove 
“!!! Get user’s move (1-6) and validate it, using a() 
END FUNCTION 


FUNCTION endeval (p) 
‘!1! Get score for finished game by using board(p,..) 
END FUNCTION 


SUB genmoves (p) 

‘!t!! Set up move(p,..) with all poss moves in board(p,..) 

‘!1!! Also set trying(p) to 0, and nmoves(p) to num moves found 
END SUB 


FUNCTION getmin (p) 
‘1!!! Gets lowest score from valu(p,..)s 
END FUNCTION 


FUNCTION getmax (p) 
‘I!!! Get highest score from valu(p,..)s 
END FUNCTION 


sponse times on a fast 486 but 
users with slower hardware 
may need toreduce this value. 
4 or 5 will give weaker play 
but the fast responses can be 
useful when testing. 

The program represents the 
board position in the array a(). 
The firstrow ofthe array holds 
the number of pebbles held in 
each of the first player’s seven 
pits and the second row holds 
the same information for the 
second player. The variable 
whosemove, which indicates 
whose turn itis, is set to either 
1 or 2. The computer is always 
player 1. 

When using depth first 
search to perform the analy- 
sis, some stack storage is 
needed. We only need enough 
storage to hold one board po- 
sition for each level to be ana- 
lysed, or in other words only 
MAXPLY board positions; the 
arrays needed for this are 
shown in Fig 5. Each stack 
element can hold a board po- 
sition (copied from a() and 
whosemove), the moves avail- 
able from that position and 
the calculated values of the 
moves, along with an identi- 
fier (trying()) which indicates 
which moves have been ana- 
lysed and which haven’t. The 
variable TOP always points to 
the top element of the stack. 

Representing a move in 
Kalah is simple. A number 
from 1 to 6 indicates which pit 
is being emptied, while move 
validation is quite simple: a 
player can’t select an empty 
pit. The makemove routine in 
Fig 6 implements Kalah’s 
move mechanics by adjusting 
a() to reflect the redistribution 
of pebbles around the board 
when a particular pit has been 
emptied. This routine is used 
to make moves specified by 
the human orthe chosen move 
made by the computer, and 
for generating new board po- 
sitions during the mini-max 
analysis. It deals with captures 
and all the other special cases. 
Notice that it normally resets 
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Power Menu 6.0 UK (3 d) — Excellent file and menu manager. 
SkyGlobe 3.52 — Displays stars; lots of features. 

Super WP 2.2 (4 d)— Can emulate WordPerfect and other WP’s. 
Surefire (3 d)— Excellent integrated program. 

Tapcis 5.41 (2 d)—Makes CIS cheap, easy (CompuServe). 

O VGA Paint 1.1-Full colour drawing package. 

Zephyr 4.0 (3 d)— FoxPro compatible database (640K). 
MS-DOS Monthly Sampler (2 d) — Around 20 excellent small new 
programs each month. 
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O Accent/Dingbats Headlines (2 d) 
Alphabet Soup (2 d) Health/Medical/Dental (2 d) 
Animal woodcuts (9 d) Holidays (3 d) 
Babies (2 d) C Houses (3 d) 

O Birds (2 d) O Kids/Cartoons (2 d) 

O Business (2 d) C Ladies (2d) 
Butterflies CO Men(2d) 

O Cars Misc (4 d) 

O Cats and dogs Months 
Church (4 d) Old F. banners (4 d) 
Education (2 d) Sport (4d) 

Family (2d) Teddy Bears (2 d) 
Fish Travel (2 d) 
O Food (2d) © Wedding (3 d) 


EPS: Postscript. WP5: WordPerfect. CDR: Corel Draw 
EPS WP5 CDR 


Animals, Plants, Scenery 
Cars, Office, Signs 
Computers 
Food, Home, Hobbies, Sport & Music 
Oo Frames 
(2d) Holidays, Parties 
O OC Icons, Flags 
Miscellaneous 
People: men, women 
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(2d) O 


| Disk size:.93%4"—)51" 


Access 


Number of disca. oe Valge fa 


SHAREWARE PROGRAMS REQUIRE A SEPARATE PAYMENT TO AUTHORS IF FOUND USEFUL 


£2.30 £2.80 


per disk for 
10 disks or more 
Add £2.00 Library Handling Charge To Each Order 


1-9 disks 


Amy’s First Primer— Six learning programs ages 4-8. (CGA) 


per disk for 


For 51/4 
deduct 


25p per disk 


Number in () 
Denotes Disks 
per Set if 
more than one. 


CO BackDesk 2.4 —- Includes BackMenu and BidgDesk. 


O Language Tutors — 1) German, Ci French, 0) Spanish, 
C Cantonese, 0 Japanese, 0 Hebrew. 
O Pre-School Education (2 d) - A Collection of Simple tests and 
games with good reward, and lots of colours and sounds (CGA). 

O Translators/Dictionaries: © German, © Italian, Spanish, 
French (2d), Danish, 0 Dutch (2d), Russian, 0 Portugese. 
Translators/Dictionaries: 0 Japanese (2d), 0 Czech. 
TUTOR.COM — Interactive computer tutorial. 

Tutor DOS (4 d) — The supreme DOS tutorial. Everything you 
wanted to know about DOS and more! (HD) 

Typing Teacher—Five programs to improve speed and accuracy! 
D World 29 V2.9e1 — Globe! Learn about cities & countries. (CGA). 


Italian, 


O Armada (2 d)— Super Battle Ship. 

OC Caddihack— Golf game with great graphics. 

O Captain Comic- Fabulous sound, graphics & much more! 

O CD-Man—3D animated PacMan-style game. Brilliant! 

CO Commander Keen I - Invasion of the Vorticons. Excellent. 

O Commander Keen Il (2 d)— Goodbye Galaxy. Super Apogee game. 
CO Commander Keen III — Alliens ate my babysitter. 

Ci Cosmo's Cosmic Adventure (2 d) — Excellent from Apogee (AT). 
O Crystal Caves — Action packed; excellent graphics. Apogee. 

CO Dark Ages — From the creators of Commander Keen! 

Defender of Boston (3 d) — A real-time mystery Adventure game. 
Duke Nukem — Top quality arcade game 640K (HD). 

Hugo’s House of Horrors — 3D animated graphics/text adventure. 
Hugo’s Il, Whodunit? — Follow up 3D adventure game to above. 
Hugo's Ill, Jungle of Doom (2 d)— Outwit evil witch doctor. 

Last half of darkness — Graphics adventure game. 

Keen Dreams (2 d) — Exciting installment of C.K. 

Kung Fu Louise (3 d) — Fight evil martial artists. (AT) 
MythMaster (3 d)—|s a vagabond’s adventure in 3-D. 

The Catacomb Abyss 3D (3 d)— Incredible arcade/adventure. 
Secret Agent—Fantastic scrolling graphics from Apogee. 
Wolfenstein 3D & Utils (3 d)— Escape Nazi prison (AT). 

Word Rescue (2 d)— Educational VGA game. Apogee (AT). 
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O Best Arcade Games (2 d) — 18 great games. 
Basstour—The ultimate fishing game. 

O Best CGA Tetris Clones (3 d) — 16 variations. 

Kids’ Games — Fun for the under-12 set. 

Strategy Games — Risk, Othello, Chess, Nyet and others. 
Super Solitaire (2 d)—15 great variations. 
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Best Games Vol 1 (4 d)— Over 30 games for Windows! 

Best Games Vol 2 (4 d) — Over 20 new Games for Windows! 
Chess for Windows — A tremendous game of chess. 

Dare to Dream 1: A Darkened Room — Adventure (1.44MB @ £5) 
Kid’s Games for Windows (3 d)— 15 great educational games. 
Cl The Scrambler (3 d)— 1s a word-scramble game. 

Windows Tetris Collection— Seven variations of the game. 
Word Games for Windows (4d) — 10 games for kids and adults. 
C Castle Of The Winds (2 d)— Graphic fantasy. 

O Cardshark Hearts — Play against 3 computer hands. 
SlotMachine— Animated fruit machine. 

O WinJack-— Black Jack. 
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C) By Design—Desktop publisher and Graphic Design for WP. 
O Clip Art— Vol 1 to 5 (2d each Vol) 90+ graphics each Vol. 
LaserJet Ill— Scalable fonts. 
Thelma Thistleblossom 5.09 (2 d) — Grammar and stylechecker. 
PC Draft 11/111 (2 d)— Create clipart/graphics for WP. 

PowerKey 1.35 (2d) — Menu-driven add-on 2 enhance/simplify WP. ; 
OC WordPerfect 5.1 Learning System (3 d)— Learn how to use WP easily 
and quickly with this great tutorial (WordPerfect is NOT required). 
WordPerfect 5.1 Macros (4 d) — Over 125-plus a macro tutorial. 
WordPerfect 5.0/5.01 Tools (2 d)— 17+ Fantastic utilities. 


| (\cheque enclosed [7] Visa 


Access[_] 


Handling charge £2.00 | 
TOTAL S.A es, 


Signature. 


Name. 


Expiry date. 
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Bulletin Maker 1.0—Create church bulletins. 

O Business Plan Master 2.1— ASCII & WFW 2.0 templates. 

CAD VANTAGE - Is a CAD for Windows 3.1 

CT-Shell 2.20—A Windows 3.1 shell for serious users. 

O Chartist 1.04—Flow & org. charting program. 

Command Post 7.0S — Great File Manager/Menu system. 

Data Server 2.0—Name and address database. 

Digital Disk Jockey 1.0—MIDI jukebox. 

Earth Centred Univers -—A star gazer program. 

© EZ FormMaster 1.2—To design and/or modify business forms. 
Financier Plus 2.1 —Calculate amort. sched. & more. 

Graphic Workshop 1.1 W (2 d)—View/print/convert BMP files. 
OC Greek New Testament for Windows (2d) 

gToolBox 1.0— (formerly GTools) —- WFW 2.0 macros. 

Hi, Finance! 2.08 (2 d) — Financial calculation and planning tool. 
CO Hyperdisk 4.51 — Make Windows run 2 to 10 times faster. 

C Icon Utilities (4d) —Full set to create, review and manage icons. 
C KBS: People Management System 1.23 

O MasterMind Typing 1.01 (2 d)— Touch typing tutor. 

Oo 
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MicroEMACS 1.1 — Powerful editing program 

Microlink 1.03 — Powerful communications package. 

Money Smith 2.0—Double-entry accounting system. 
Organize! 1.62— Personal Information Manager. 

Painless Accounting 1.0—Full featured system. 

Paint Shop Pro 1.02 — Display, convert, alter and print pictures. 
PC Project 3.0—A very nice project manager for Windows. 
Pixfolio (3 d)—To view and catalogue graphic files. 

Screen Savers for Windows (2 d) — 11 Windows screen savers. 
SeedMaster (10 d)— Complete KJV Bible text search. 
SmartCat— Excellent disk cataloguing system. 

Snaglt— Screen capture/print utility. 

Sounder 2.0 (3 d)— Digitized sounds through speaker. 

Take Note (2 d)—A combination cardfile, PIM, and database. 
The Complete Icon Collection (5 d) — Over 5,000 icons. 

The Wizard 2.7 (2 d)— Multimedia database. 

Tommy Soft CAD/DRAW 1.10 (2 d) — Sensational CAD program. 
O Translator/Dictionaries—C) W Danish, 0 W Germany, 

W Portuguese, 0 W Russian, © W Spanish. 

Unicom 3.0C— Great communications program. 

Utilities for Windows (4 d) — 50+ utilities that will help you get the 
most out of Windows, as well as making Windows easier to use! 
ViruScan for Windows 8.9V97—McAfee's SCAN program. 
VxBase 1.07 and DataWorks 1.29 (2d) — Create dBase apps in VB. 
Wallpaper: Vol 1 to 5 (4 d each Vol) over 75 bkgds on each. 
Wallpaper Glamour Collection (4 disks). 

Whoop It Up! 2.0—define 3.1 sound events. 

WinBach 4.0k— Windows batch language (1.44MB @ £5). 
WinCheck 3.0P (2 d) — Excellent chequebook program. 
WinFract 17.2b (2 d) —Fascinating/Startling graphics! 
WinGrab 1.5 (2 d) — Address and envelope printer. 
WinJammer 2.10 —Fuul-featured MID! sequencer/editor. 
WinProof 1.0— Outstanding grammer checker. 

WinQVT— Terminal emulator and communications. 

WinSpell 1.05 (2 d) — For Windows 3.0. 

WinSpell 2.01 (2 d)— For Windows 3.1. 

Wintach— Benchmark test for Windows 3.1. 

WOPR 2.0 (3 d)— Collection of Word for Windows Macros. 
Wyndfields 1.2 (2 d)— Relational database program. 

Xantippe —Hypertext/graphics authoring system. 

XVT Draw 1.5— Object-oriented drawing program. 

Windows Monthly Sampler (2 d) — Around 20 excellent small new 
programs each month. 

Zgraph 3.7 —Create, display, print graphs. 
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O Banner & Sign makers — Banners or signs for any occasion. 

O Graphic Workshop 6.1s (2 d)— View/print/convert files. 

CO Image Alcheme 1.5 (2 d)— Converts between graphic file formats. 
OC EnVision Publisher 1.01 (2 d)— Excellent WYSIWYG DTP. 

Co NeoPaint 1.0 (2 d)— Image editing program for DOS! 
PrintPartner (2 d)—PrintMaster & PrintShop clone. 

OC Rubicon Publisher 2.2c (2 d)— Non-WYSIWYG DTP. 

O TEX 3.0 (26 d) — Computer typesetting language. 

CO Typesetter PC 1.8 (2 d)— True WYSIWYG shareware DTP program. 


<2s"0276 681864 
EA GW 0276 64382 


| 
| 
| SAVE MONEY PHONE AFTER GPM 
| 


Post to SMS SHAREWARE 


19 Carshalton Road, CAMBERLEY, Surrey GU15 4AQ 


is 


the whosemove variable but > 


HANDS ON+ LOW LEVEL ee 


aplayerretains thenextmove FUNCTION getmaxmove (p) 
ifhis last pebble lands in his “!!! Get the move(p,x) where the highest score is valu(p,x) 
own kalah, so whosemove is END FUNCTION 
unchanged in this case. 
The mini-max method re- FUNCTION movecount (player) 
quires an evaluation routine, ‘!!!Determine number of moves in a() for specified player 
endeval, for finished games. END FUNCTION 
This is quite easy to imple- 
ment: it should be the differ- SUB restoreboard (p) 
ence between the total ‘!!!Copy board posn from board() and tomove() into a() and whosemove 
pebbles on player 1’s side of END SUB 
the board and the total peb- 
bles belonging to player 2. SUB saveboard (p) 
This gives a positive score to ‘!!!Copy board posn from a() and whosemove into board(p,) and 
player 1 (the computer) ifit | tomove(p) 
has won, and a larger value END SUB 


for a more convincing vic- 
tory which is right and 
proper. 

The static evaluation in the function 
staticeval is more tricky. It could do the 
same calculation as endeval but this 
doesn’t work well in practice. The prob- 
lem is that when a game is not over, 


many of the pebbles on one side of the 1. The code given in staticeval takes 
board will end up in the other player’s account of this: for each pit it considers 
area. While play is still in progress where the pebbles would end up if that 
there is a big difference beween having pit were played. So, six pebbles in 
six pebbles in pit6 and havingsixinpit player 1’s pit6 would score -4, as player 


Fig 6: Kalah’s static evaluation and move routines 


SUB makemove (pit) 


REM make move from selected pit 


SHARED a(), whosemove 


REM Sort out who’s the opponent (ie the non-mover) 
opponent = 1: IF whosemove = 1 THEN opponent = 2 
REM Empty the selected pit and set up p,q and npebs for dropping 


pebbles... 


p = whosemove: q = pit: npebs = a(whosemove, pit): 


a(whosemove, pit) = 0 


REM For each pebble drop it in next pit... 


FOR i = 1 TO npebs 


‘Advance to next pit and deal with wrap-around... 
q=q+ 1: IF q = 8 THEN q = 1: p = opponent 

‘Skip pit if its opponent’s kalah... 

IF q = 7 AND p <> whosemove THEN q = 1: p = whosemove 
‘Drop pebble in pit... 

a(p, q) = a(p, a) + 1 


NEXT i 


REM Deal with capture if last stone dropped into empty pit on 


mover’s side... 


IF p = whosemove AND q <> 7 AND a(p, q) = 1 THEN 
a(p, 7) = a(p, 7) + 1 + a(opponent, 7 - q) 


a(opponent, 7 - q) = 


a(p, q) = 0 
END IF 


fe) 


REM Now its other guy to move unless last stone dropped into 


mover’s kalah.. 


IF p = opponent OR q <> 7 THEN whosemove = opponent 


END SUB 


FUNCTION staticeval (p) 
SHARED board(), scoretab() 


REM evaluation of non-terminal board posn at node p 


score = 0 
FOR i = 1 TO 6 


score = score + scoretab(i, board(p, 1, i)) - scoretab(i, 


board(p, 2, i)) 
NEXT i 


staticeval = score + board(p, 1, 7) - board(p, 2, 7) 


END FUNCTION 


1 would retain only one of 
them (in his kalah) and lose 
the other five to the oppo- 
nent (1 minus 5 is -4). On the 
other hand, six pebbles in 
player 1’s pit 1 would score 
+6 as these would all be re- 
tained on player 1’s side of 
the board after being played. 
The scores for any given 
number of pebbles in any 
given pit are held in 
scoretab(). This must be ini- 
tialised at the start of a game, 
an exercise left for the reader. 

The program given here 
can be improved in many 
ways. It would be helpful if it 
gave some analysis as it was 
computing the best move, 
with the best variations as it 
finds them. There are many 
areas in which its perform- 
ance could be improved, and 
itis fun to play with different 
static evaluation functions to 
see how the system’s playing 
performance can be im- 
proved. It is also written in 
such a way that it can easily 
be adapted for other games: 
only the movement and 
evaluation functions need be 
altered and the core mini- 
max method can be left un- 
changed. Finally, we have 
presented the program in Ba- 
sic because this is so widely 
available but it is not the best 
language for this sort of exer- 
cise and could usefully be 
converted to a more efficient 
language like C. 


JULY 1993 PERSONAL COMPUTER WORLD om 


Including VAT, 
postage and packing 


SOFTWARE DRIVERS FOR: 


CONNECTIVITY: 
IBM - AT 386/486 
ISA - EISA - MICROCHANNEL 


SPECIFICATION: 

INTERFACE — RS232 

TRANSFER RATE -— 9600 BAUD 

WORK AREA — 128 x 96mm 

RESOLUTION — 2048 x 1536 

ACCURACY — +] Pixel 

SIZE —- 170x 145mm 

WEIGHT — 250gms 

MJCROGRAF 

INTERNATIONAL 


wis this the end 
of the mouse? 


Still using a mouse? TABBY eats mice for breakfast. 


Throw your mouse or trackball away! 
TABBY is the cursor controller for the 
'90s. It's quicker than a mouse, more 
accurate than a mouse, more 
‘natural’ than a mouse. It saves time, 
improves efficiency, is easy to use 
and exceptional value, INCREASED 
PRODUCTIVITY will pay for TABBY in 
hours. Purrfection! 


Pick up the familiar pen-shaped 
pointer and in five minutes you'll 
never want to use a mouse again! 
TABBY is elegant, compact (170mm x 
145mm) and either sits on your desk 
or in the palm of your hand for 
relaxed, yet rapid, precision control. 


| Please supply me [._] units at £49.95. 
NAME: 


Data entry, spread sheets, word 


processing, freehand _ sketching, 
graphics and charts; whatever 
programs you use under 


WINDOWS, TABBY will boost your 
output, REDUCE STRAIN, and release 
your creative flair. 


TABBY comes ready to plug in and 
use. Many years developing new 
tablet technology and advances in 
manufacturing techniques have 
enabled Micrograf to offer TABBY at 
an affordable price. Order yours 
now, you'll wonder why you had to 
wait so long for the ultimate in cursor 
control. 


Total price: | 


| ADDRESS: 


j TELEPHONE: 


Unit Q2, Penfold Works, Imperial Way, 
Watford, Hertfordshire, WD2 4YY | 


Facsimile: +44 (0) 923 244041 


Please debit my account 
for the sum above: 


: Access:[__] VISA: [__] 
TABBY - the ultimate cursor control for WINDOWS 


Expiry Date: 


Please allow 28 days for delivery. 


